INTRODUCTION
============

Laparoscopic donor nephrectomy (LDN) has gained widespread acceptance because of diminished donor morbidity compared with the open approach. LDN has better pain control, shorter hospital stays, faster return to normal activity and improved cosmesis ([@b1-cln_68p483]-[@b4-cln_68p483]). However, laparoscopically harvested kidneys may regain normal function more slowly than open-recruited organs, and their long-term graft survival is debatable ([@b5-cln_68p483]). Prolonged warm ischemia time (WIT) is usually observed after laparoscopic surgery, but its effect on graft function is not completely understood. Furthermore, experimental studies have demonstrated that laparoscopy could increase renal ischemia-reperfusion injury (IRI) after renal transplantation ([@b6-cln_68p483],[@b7-cln_68p483]).

Renal IRI is an inherent event in renal transplantation, and the extent of graft damage reflects the balance between deleterious events and protective factors. One protective factor is heme-oxygenase-1, a heat shock protein that participates in vascular tone control and has anti-apoptotic, anti-inflammatory and antioxidant functions ([@b8-cln_68p483]). Another important factor involved in the protective response is VEGF, a potent angiogenic factor that has been shown to be crucial in preserving vascular integrity and microcirculation repair ([@b9-cln_68p483]). Bcl-2 is an anti-apoptotic protein that may play a role in renal transplantation by preventing apoptosis during ischemia. In deceased donors, a diminished mRNA expression of HO-1, VEGF and Bcl-2 had been previously observed compared with living donors. Furthermore, a correlation between renal function and HO-1 and VEGF was noted, which reinforced their protective roles in renal transplantation ([@b10-cln_68p483]).

To our knowledge, no study has investigated IRI-protective factors during laparoscopy. Therefore, we investigated whether LDN could affect the protective response of live renal transplantation.

PATIENTS AND METHODS
====================

Patient population
------------------

Fifty-five patients who underwent living donor transplants from October 2009 to September 2011 at our institution were included in the analysis. The patients were further divided into two groups based on the donor nephrectomy approach that was used. The control group comprised 29 recipients who received kidneys retrieved by open donor nephrectomy (ODN), and the study group included 26 recipients of kidneys retrieved by LDN. This study was approved by the local ethics committee, and each patient provided informed consent. All of the patients included in the analysis received intraoperative induction therapy with anti-thymocyte globulin or basiliximab and a maintenance immunosuppression regimen with tacrolimus, mycophenolate and prednisone.

Warm ischemia time was defined as the interval between the renal artery occlusion and the kidney immersion in ice slush. Renal function was evaluated by the serum creatinine level on days one to seven, day 30 and the third and sixth months after transplantation. The area under the curve for creatinine from the first to the ninetieth postoperative days was used to observe the creatinine decline. Delayed graft function (DGF) was defined as the need for dialysis during the first week after transplantation, and functional delayed graft function (FDGF) was defined as the absence of a decrease in the serum creatinine level of at least 10% per day for three consecutive days in the first week after renal transplantation.

Renal allograft biopsies were obtained at two time points: after WIT (T-1) and 45 minutes after kidney reperfusion (T+1). The biopsies were divided into two pieces, with one used for immunohistochemistry and the other for RNA extraction.

Real-time polymerase chain reaction (PCR)
-----------------------------------------

The mRNA expressions of Bcl-2, VEGF and HO-1 in renal tissue were analyzed with real-time PCR using a Taqman master mix (Applied Biosystems, Foster City, CA, USA) and the 7500 Real Time PCR system (Applied Biosystems, Foster City, CA, USA). The level of the different RNA factors in the renal tissue was normalized to the housekeeping gene 18S. The primers utilized were developed by Applied Biosystems. The sequences of the 5′ primers used were 18S CCATTGGAGGGCAAGTCTGGTGCCA, Bcl-2 TAACGGAGGCTGGGATGCCTTTGTG, VEGF CAAGAAAAATGTGACAAGCCGAGGC and HO-1 GACGGCTTCAAGCTGGTGATGGCCT. The cycle number at which the reporter fluorescence crossed the threshold (C~T~ value) was used as a quantitative measurement of the copies of the target in any sample, and the mean of the normalization of these values (ΔC~T~ = C~T~ target gene-C~T~ housekeeping gene) was used for a comparison between groups. We emphasize that the greater the ΔC~T~, the lower the gene expression. We compared the laparoscopic group samples at time points T-1 and T+1 with the respective open group time points.

Immunohistochemistry
--------------------

The renal biopsies were immersed in Dubosq solution for 30 minutes and fixed in 10% buffered formalin, embedded in paraffin, and sectioned. The slides were processed for routine histology. The protein expressions of Bcl-2 and HO-1 were determined by immunohistochemistry in the renal biopsy samples. The primary antibodies used were mouse monoclonal anti-human HO-1 (Clone GTS-1; Novus Biological, Littleton City, CO, USA) and mouse monoclonal anti-human Bcl-2 (Clone 3.1, Novocastra, Newcastle upon Tyne City, UK). Each primary antibody utilized was previously titered in human renal tissue samples. A semiquantitative analysis was performed.

Statistical analysis
--------------------

We used Fisher\'s exact test for the categorical variables. Continuous variables were reported as the mean±standard deviation and compared using Student\'s t-test and an analysis of variance (ANOVA). The relationships between variables were assessed with Pearson\'s correlation coefficient. All of the tests were two-tailed, and *p*\<0.05 was considered statistically significant.

RESULTS
=======

The demographics and clinical characteristics of the recipients and donors are shown in [Table 1](#t1-cln_68p483){ref-type="table"}. There were no significant differences between the two groups regarding the baseline characteristics.

Multiple arteries were observed in four patients (14%) in the open group and in three patients (12%) in the laparoscopic group. The mean WIT was significantly longer in the laparoscopic group compared with the open group (194 *vs*. 132 seconds; *p* = 0.005). DGF was observed in three patients, one (3%) in the open group and two (8%) in the laparoscopic group, with no significant difference (*p* = 0.60). FDGF occurred in four patients in the open group and in three cases in the laparoscopic group (14% *vs*. 12%, *p* = 0.99).

Renal function after transplantation, as evaluated by the serum creatinine levels and the area under the curve of serum creatinine (AUCcr), was similar between the open (mean AUCcr = 122) and laparoscopic groups (mean AUCcr = 133, *p* = 0.33) ([Figure 1](#f1-cln_68p483){ref-type="fig"}). WIT was not associated with DGF, FDGF or AUCcr.

mRNA expression by Real-time PCR
--------------------------------

### Bcl-2

Thirty-nine samples from 24 patients were analyzed for the mRNA expression of Bcl-2. In the open group, 13 samples were evaluated at time point T-1 and 11 samples after reperfusion at T+1. In the laparoscopic group, nine samples were evaluated at T-1 and six samples at T+1. The comparison between the kidneys retrieved by open and laparoscopic nephrectomy showed no significant difference at time points T-1 (open, mean ΔC~T~ = 10.29 and laparoscopic, mean ΔC~T~ = 9.98, *p* = 0.75) and T+1 (open, mean ΔC~T~ = 10.94 and laparoscopic, mean ΔC~T~ = 11.25, *p* = 0.82). To investigate any kinetic change in the mRNA during the nephrectomy procedure, we compared the Bcl-2 mRNA expression at T-1 and T+1 for each type of procedure. The comparison showed no differences between T-1 and T+1 for both the open (*p* = 0.77) and laparoscopic (*p* = 0.09) procedures.

### Vascular endothelial growth factor (VEGF)

Thirty-five samples from 24 patients were analyzed for the mRNA expression. In the open group, 11 samples were evaluated at T-1 and nine samples after reperfusion at T+1. In the laparoscopic group, eight samples were analyzed at T-1 and seven samples at T+1. There were no significant differences between the open and laparoscopic groups at T-1 (open, mean ΔC~T~ = 10.66, and laparoscopic, mean ΔC~T~ = 10.38, *p* = 0.64) and T+1 (open, mean ΔC~T~ = 11.11 and laparoscopic, mean ΔC~T~ = 11.71, *p* = 0.52). When the two time points (T-1 and T+1) were compared in each group, no differences were observed (open, *p* = 0.70 and laparoscopic, *p* = 0.26).

### Heme-oxygenase 1 (HO-1)

From 24 patients, 39 samples were quantified for the mRNA expression levels of HO-1. In the open group, 13 samples were evaluated at T-1, and 10 samples at T+1. In the laparoscopic group, 9 samples were evaluated at T-1, and 7 samples after reperfusion (T+1). No difference was observed for the comparison of the two groups at T-1 (open: mean ΔC~T~ = 10.86 and laparoscopic: mean ΔC~T~ = 10.11; *p* = 0.57) and T+1 (open: mean ΔC~T~ = 10.42 and laparoscopic: mean ΔC~T~ = 10.90; *p* = 0.76). No differences were observed for the comparison of the two time points (*p* = 0.45 and *p* = 0.40 for the open and laparoscopic groups, respectively).

Histological analysis and protein expression by immunohistochemistry
--------------------------------------------------------------------

During the preliminary histological analysis, we found the histological characteristics of acute tubular necrosis in 44% of samples in the open group and in 45% in the laparoscopic group. Only one patient in the open group had severe acute tubular necrosis. In the remaining samples, the changes were mild.

A total of 86 samples were evaluated by immunohistochemistry for the protein expression of Bcl-2 and Heme oxygenase-1.

### Bcl-2 protein expression

Bcl-2 was expressed mainly at the tubular epithelial cells ([Figure 2](#f2-cln_68p483){ref-type="fig"}). Eighty-six biopsy specimens were available from forty-four patients for the evaluation of Bcl-2 protein expression. Compared with the open nephrectomy, the Bcl-2 protein expression in the laparoscopic group appeared to be increased. However, the difference was not significant. At the reperfusion time point T+1, there was a decrease in the mean expression of Bcl-2 in both groups, but the differences were not significant ([Figure 3](#f3-cln_68p483){ref-type="fig"}).

### Heme oxygenase-1 (HO-1) protein expression

Thirty-eight samples from twenty patients were evaluated at two time points. At T-1, 11 samples from the open group were evaluated, and 7 (63.6%) were positive for HO-1. In the laparoscopic group, seven samples were analyzed with one positive case (14.3%) (*p* = 0.07). After reperfusion (T+1), 11 samples were analyzed in the open group, with 5 (45.5%) positive for HO-1. In the 9 laparoscopic samples, 6 (66.7%) expressed the HO-1 protein (*p* = 0.41). The HO-1 protein expression at T+1 (after reperfusion) tended to increase compared with T-1 in the laparoscopic group (*p* = 0.06). No significant difference in HO-1 expression was observed between the two time points in the open group (*p* = 0.67) ([Table 2](#t2-cln_68p483){ref-type="table"}).

Relationship between mRNA and protein expression and the clinical parameters
----------------------------------------------------------------------------

When we analyzed the mRNA expression findings and their correlation with the clinical and surgical features, we noticed a correlation between WIT and ΔC~T~ Bcl-2 in the open group at the moment of kidney retrieval (T-1) (Pearson *r* = 0.582, *p* = 0.047). This correlation indicated that in open nephrectomy, a longer warm ischemia time was associated with a lower expression level of the Bcl-2 mRNA. The AUCcr was negatively correlated with the ΔC~T~ of VEGF in the laparoscopic group after reperfusion (Pearson *r* = -0.919, *p* = 0.01), i.e., a slower decline of creatinine correlated with a higher expression level of the VEGF mRNA in the laparoscopic group ([Figure 4](#f4-cln_68p483){ref-type="fig"}).

DISCUSSION
==========

In the present study, the protective response of the renal tissue was investigated in the context of ischemia reperfusion injury during a laparoscopic kidney nephrectomy. Compared with conventional open nephrectomy, the patients transplanted with kidneys retrieved by a laparoscopic procedure had similar renal functions after transplantation, and differences were not observed in the protective response.

The most evident clinical manifestation of tissue damage caused by renal ischemia reperfusion injury is the occurrence of delayed graft function (DGF), which impacts both short and long-term graft survival ([@b11-cln_68p483],[@b12-cln_68p483]). In several centers, the DGF in living donor transplantation is approximately 5%, which is similar to our findings ([@b13-cln_68p483]). In our study, the incidence of DGF was 3% in the open nephrectomy group and 8% in the laparoscopic group; these rates were not significantly different. In addition to the DGF criteria, we used other parameters to better evaluate any impact from nephrectomy on renal function, such as the decline in creatinine for three consecutive days after the transplantation and the area under the curve for creatinine. This last parameter could be useful for identifying any mild changes in the serum creatinine decline during the first weeks after transplantation. Analyzing all of these parameters, we observed no differences in the allograft renal functions of laparoscopic and open nephrectomy recipients. Similarly, a systematic review of the literature revealed a comparable recovery of renal function and DGF incidence between open and laparoscopic renal transplantations ([@b14-cln_68p483]).

The loss of tubular epithelial cells is the main histological finding of the tissue damage caused by renal ischemia-reperfusion injury. In our study, acute tubular necrosis was observed in 44% of the patients in the open nephrectomy group and in 45% in the laparoscopic group. The pathological analysis showed a mild lesion, with only one patient having a severe lesion that developed into DGF. A histopathological evaluation of the donor kidneys procured by laparoscopic nephrectomy was previously performed by Shimizu et al. ([@b15-cln_68p483]). The authors found that 54% of the specimens had subcapsular cortical damage, which was much more intense in the hand-assisted laparoscopy group; this damage was most likely caused by pneumoperitoneum and mechanical injury during surgical manipulation. In the Shimizu et al. study, the description of acute tubular necrosis was analyzed together with the congestion of glomerular and peritubular capillaries. We did not find these vascular lesions in our groups, but the high percentage of acute tubular necrosis appeared to be a relevant finding even without significant renal function changes.

The inflammatory response during ischemia-reperfusion was mediated by different mechanisms and molecules. In our samples, we analyzed the gene expression levels of INFγ, TNFα and IL-6, and we did not observe any differences between open and laparoscopic nephrectomy (data not shown). Based on previous reports highlighting the importance of the protective response to counterbalance the injury during ischemia-reperfusion, we investigated this adaptive response during the laparoscopic nephrectomy ([@b16-cln_68p483]-[@b18-cln_68p483]). We investigated the protective molecules HO-1 and VEGF. Heme oxygenase-1, which is induced by hypoxia, plays a critical role in the renal protective response because of its anti-apoptotic, anti-inflammatory and antioxidant properties and its vascular tone regulation ([@b19-cln_68p483]). As an important angiogenic factor, VEGF is essential for maintaining peritubular capillaries, which maintain adequate renal tubule and interstitium blood supplies ([@b20-cln_68p483]). Experimental studies have observed VEGF reduction after ischemia reperfusion injury, particularly when the kidney was submitted to a prolonged period of ischemia ([@b21-cln_68p483],[@b22-cln_68p483]). In our study, we did not find any difference in the HO-1 and VEGF gene transcript levels between the open and laparoscopic groups after the warm ischemia time or after 45 minutes of reperfusion. Note that a further change in the mRNA expression cannot be excluded and that the duration of 45 minutes could be still too early to identify any different patterns between the groups. In this regard, we observed that a higher VEGF mRNA expression in the laparoscopic group after reperfusion was associated with a slower decrement of serum creatinine after transplantation, which suggested that in situations with more intense injury, an increase in VEGF may represent an attempt to repair damaged tissue and that this protective gene was not inhibited during the laparoscopic surgery.

Concerns about a prolonged warm ischemia time (WIT) and its effect on renal allograft function always existed in the laparoscopic era. Nogueira et al. ([@b23-cln_68p483]) found a prolonged WIT as a risk factor for delayed graft function in the grafts of laparoscopic donors. In contrast, Buzdon et al. ([@b24-cln_68p483]) and Simforoosh et al. ([@b25-cln_68p483]) did not find decreased renal function as a consequence of longer WIT. In our series, the laparoscopic group had a longer WIT than the open group but did not have higher rates of DGF or functional DGF. Furthermore, no association between the WIT and serum creatinine decline was observed. However, the WIT was weakly associated with diminished Bcl-2 gene expression after kidney open retrieval, which could reflect a decreased protective response in open surgery when the kidney is exposed to periods of prolonged oxygen deprivation. In the laparoscopic group, this association was not observed and may reflect ischemic preconditioning, as the kidney is continuously exposed to parenchyma compression caused by pneumoperitoneum pressure. In animals, it has been demonstrated that hypoxic preconditioning might activate HIF-1α, leading to an increase in the Bcl-2 protein expression ([@b26-cln_68p483]).

In laparoscopy, apoptosis has been shown to increase in rats that are submitted to different pneumoperitoneum gradients of pressure, which suggests that an elevation of intra-abdominal pressure could increase the ischemia-reperfusion injury and cause apoptosis ([@b27-cln_68p483]). However, in our study, we found no differences in the gene and protein expression of Bcl-2 in the laparoscopic and open groups. Therefore, a negative effect of the pneumoperitoneum, with respect to renal apoptosis, was not observed.

Although our study analyzed a limited sample size, we were careful to evaluate different moments of tissue injury during the nephrectomy and to also analyze expression at both the gene and protein levels. The immunohistochemistry analysis revealed Bcl-2 and HO-1 protein expression in the tubular epithelial cells with no differences between the open and laparoscopic groups. However, there were decreases in the mean Bcl-2 protein and gene expressions after reperfusion; these decreases were not significantly different. During the first time-point biopsy, we observed a trend towards lower protein expression for the HO-1 protein expression in the laparoscopic group, whereas after reperfusion, there was a trend towards increased HO-1 protein expression. Interestingly, other authors have reported similar results. Ollinger et al. ([@b28-cln_68p483]) observed a quantitative increase in the HO-1 expression after reperfusion in deceased renal transplantation biopsies; this increase was associated with delayed graft function and higher increases in the HO-1 protein levels from pre- to post-reperfusion.

Finally, this investigation analyzed aspects of renal IRI in LDN that have not been previously studied. The renal function of the recipients of LDN and ODN and protective factors of renal ischemia reperfusion injury in the renal tissue of LDN and ODN were similar. Therefore, these findings are important for reinforcing laparoscopic nephrectomy utilization in live renal transplantation.
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![Immunohistochemical staining for Bcl-2 (A) and HO-1 (B), expressed predominantly in the renal tubule cells.](cln-68-04-483-g002){#f2-cln_68p483}
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![**A)** Correlation between the Bcl-2 mRNA expression levels after kidney retrieval and the warm ischemia time in open surgery. **B)** Correlation between the VEGF mRNA expression levels after reperfusion and the area under the curve of the serum creatinine level in the laparoscopic surgery group.](cln-68-04-483-g004){#f4-cln_68p483}

###### 

Recipient and donor characteristics at transplantation time.

  RECIPIENTS                          Open            Laparoscopic   *p*-value     
  ----------------------------------- --------------- -------------- ------------- ------
  No. patients                        29              26                           
  Mean age±SD                         43±12           44±14          0.71          
  Gender (%)                          female          16/29 (55%)    13/26 (50%)   0.79
  BMI±SD                              23.9±4.1        24.3±4.3       0.71          
  Induction suppression anti-IL2R     23/29 (79%)     20/26 (77%)    0.78          
  Immunosuppression at three months                                                
                                      Pred+Tacro+MP   25/29 (86%)    24/26 (92%)   0.57
  Prior Transfusion                   0.90±0.33       0.93±0.64      0.71          
  Prior pregnancy                     2±2             3±2            0.23          
  Re-transplant                       0 (0%)          2/26 (8%)      0.22          
  HLA Mismatches                      3.9±1.9         2.9±2.1        0.15          
  PRA                                 \<10%           19/27 (70%)    15/23 (65%)   0.34
                                      10-50%          6/27 (22%)     5/23 (22%)    
                                      \>50%           1/27 (4%)      3/23 (13%)    
                                                                                   
  DONORS                                                                           
  Mean age ±SD                                        35±10          36±10         0.74
  Donor type                          RLD             24/29 (83%)    20/26 (77%)   0.74
                                      URLD            5/29 (17%)     6/26 (23%)    
  Age \>50 y                                          2/29 (7%)      2/29 (8%)     0.99
  Donor gender (%)                    Female          20/29 (69%)    21/26 (81%)   0.37
  \% Female donor/                                    12/29 (41%)    12/26 (46%)   0.39
  Mean BMI±SD                                         24.5±4         26.2±3        0.12

BMI = body mass index; anti-IL2R = anti-interleucin-2 receptor (daclizumab/basiliximab); Pred = prednisone, Tacro = tacrolimus, MPS = mycophenolate sodium; PRA = panel-reactive antibody RLD = related living-donor URLD = unrelated living-donor.

###### 

Comparison of the HO-1 protein expression between the LDN and ODN groups at two time points.

  Groups      T-1            T+1            *p-*value
  ----------- -------------- -------------- -----------
  ODN         7/11 (63.6%)   5/11 (45.5%)   0.67
  LDN         1/7 (14.3%)    6/9 (66.7%)    0.06
              n = 18         n = 20         
  *p*-value   0.07           0.41           

LDN = laparoscopic donor nephrectomy.

ODN = open donor nephrectomy.
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